This paper presents a watermarking algorithm for binary images. The original binary image is blurred to a gray-level image and we embed the watermark by'biasing the threshold in binarization. A loop is used to control the quality of watermarked images and robustness, and a key is generated for extraction. We employ error correction codes to reduce extraction error. This algorithm can be'applied to general binary images except dithered images. Experiments show that the distortion in the watermarked image is not obtrusive and the algorithm provides some degree of robustness.
INTRODUCTION
Today, digital media are getting more and more popular. Not only multi-level images, video and audio are in digital form, but binary images are also digitized in the applications including legal documents, digital books, maps, and architectural and electronic drawings. Digital watermarking techniques have been proposed for ownership protection, copy control, annotation and authentication of digital media. Most of digital image watermarking techniques in the literature are proposed for gray-scaldcolor images, while digital watermarking for binary images are only addressed by a few authors [ I , 2,3,4,5] .
Chen er ol. [2] classify watermarking and data hiding techniques for binary images into various embedding methods: text line, word or character shifting, boundary modification, fixed partitioning of the image into blocks, modification of character features, modification of run-length patterns, or modification of half-tone images. Among those that are applicable to general binary images, only the algorithm proposed by Zhao and Koch [6] provides some robustness against noise while the quality of the watermarked image is poor. The algorithm alters the numbers of black and white pixels in each 8 x 8 block to embed data. Bit 'I' is embedded if the percentage of white pixels is greater than a given threshold (55%) and bit '0' is embedded if the percentage of the white pixels is less than another threshold (45%). Such modification could result in very poor marked image. In this paper, we propose a more efficient watermarking algorithm for binary images other than dithered images based on the work in [I] . The original binary image is blurred to a gray-level image to enable embedding. However, DCT and IDCT (inverse DCT) are not involved, which greatly simplifies the watermarking procedure. The embedding is done by using the watermark information to bias the binarization threshold. A loop is used to control the quality of the watermarked binary image and a feature vector is extracted as a key to be used in extraction so that the original binary image is no longer necessary in extraction. To improve the extraction accuracy, the watermark is coded in error correction code (ECC). Experimental results have shown that the watermarked binary image has good quality and the algorithm offers some robustness. Fig. 1 shows the system flow of the proposed algorithm. We embed the watermark 1u into the original binary image f(z, y) to obtain the output image g(x, y). The image is of size M x N .
THE PROPOSED WATERMARKING ALGORITHM

Blurring
It is shown in [ 11 that it is not possible to successfully embed a watermark directly into a binary image through binarization no matter what threshold is used. Blurring is necessary to produce pixels with various intensities so that the embedding can succeed through biased binarization. We have observed that the algorithm in [I] is likely to produce obtrusive noises near the edges. The cause is that when the 5 x 5 Gaussian low-pass filter processes the pixels near the edges where the 5 x 5 window is only partially ICME 2003 
Watermarking through biased binarization
We skip the blocks in fb(Z, y) corresponding to the uniform (all blacwwhite) blocks in f(z, y) to preserve the quality of the image after embedding. The watermark is embedded by binarizing the blocks in fb(5, y) that correspond to the nonuniform 8 x 8 blocks in f(z, y) with biased thresholds. We denote the number of non-uniform 8 x 8 blocks in f (x, y) as N,, and each corresponding block in fb(z, y) as fb.k(T, s).
w h e r e r , s = 0,1, ..., 7, a n d k = 0,1, ..., N, -1.
The watermark w is a bit stream of '0's and '1's. instead of a random number sequence as in [I] , and it is encoded with BCH(31, 6) [7] to reduce the extraction error.
The coded watermark w. is of length L, 5 N,.
The algorithm in [I] requires the original image in extraction, which may not be convenient in practice. In our proposed algorithm, we eliminate this limitation by extracting a key to be used in extraction. This key, k,, is extracted as the number of white pixels in each block of f(z, y) (both uniform and non-uniform) and it is of length Lk,,, where Lkey is the total number of 8 x 8 blocks in f(r, y).
For each block fbk(T, s), the maximum and minimum intensities are I,,,.%k and Imin&, respectively. The bias bk depends on w , ( k ) as follows:
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Fig. 2. Loop to control embedding.
This bias is adjusted through a loop to control the amount of distortion and the robustness, as shown in Fig. 2 . C is a counter and is initialized to 0. The maximum number of iterations is limited to ML. The binarization threshold Tbk is calcuated as following:
Thus bit 'I' will lower the threshold and bit '0' will raise it.
The block fbk(T, s) is then binarized to g k ( T , s) using T b k : Therefore, a lowered threshold (by bit '1') tends to increase the number of white (Is) pixels and a raised threshold (by bit '0') tends to reduce it.
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We denote the number of white pixels in f k ( r , s) and that number in g k ( T , s) as D J .~ and Dy.k. respectively. For successful embedding, we need to have the following condition:
If this condition is not satisfied after the biased binarization, we increase the bias to U . bk ( a > 1) until the condition is satisfied or C 2 ML.
On the other hand, when condition ( 2 ) is satisfied, it is possible that the distortion in the block is too much. Hence, for better quality, we should reduce the amount of bias. We denote the maximum acceptable number of changed pixels in a block as A&. Thus we reduce the bias to p . bk (0 < p < 1) if IDg.& -Dj-kI > A&. Larger Adc provides better robustness while poorer quality.
In our experiments, we choose a = 1.5 and p = 0.5. Inappropriate values of n and p may require more iterations.
In case that condition (2) is not satisfied after the iterations, we keep gk(r, s) = fk(r, s), where fk(r; s) is the corresponding non-uniform 8 x 8 block in f (2, y). y(z, y) is obtained by replacing fk(r, s) in f(z, y) with y k (~, s).
Watermark extraction
Watermark extraction is a simple process. To extract watermark 6, from a test binary image g(z, y), we split g(z, y) into 8 x 8 blocks. The key k, is required and each element in k, corresponds to an 8 x 8 block in g(z,y). If the element from IC, is either 0 or 64, the corresponding blocks in y(z. y) are skipped since there is no embedding in uniform blocks. Otherwise, a '1' is extracted if the number of white pixels in the block is greater than the value of the element from k,,, and a '0' is extracted otherwise.
EXPERIMENTAL RESULTS
We use the image in Fig. 3 There is no error in the decoded w after the extraction of 6,. attributing to the BCH coding. There are 147 bits error in Gc.
The robustness against cropping and noise are shown in Fig. 6 and Fig. 7 , respectively. The cropping test is implemented as in [9], where a number of rows are cropped from the watermarked image and the cropped portion is inserted into the original image to extract the watermark. The robustness against noise is tested by adding Gaussian white noise of mean 0 and variances ranging from 0.01 to 0.1. The image after adding noise is gray and needs to be binarized. The ratio of pixels changed in the watermarked binary image before and after adding noise is shown by the dash-dot line in Fig. 7 . We can see that the ECC coding, BCH(31,6), is more effective with random noise than with cropping, and its effectiveness (improvement) decreases as the amount of noise increases.
CONCLUSIONS
We propose a watermarking algorithm for binary images except dithered images. The original binary image is blurred to a gray-level image to enable embedding, and the watermark bit stream is then embedded by biasing the binarization threshold. A loop is used to control the quality of watermarked image and the robustness. A key is extracted for watermark extraction and the original binary image is not required in extraction. For higher extraction accuracy, error correction code is used. Experimental results show that the distortion in the watermarked binary image is not obtrusive and the algorithm has some robustness against cropping and noise. 
